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Background: the long-term results of ePTFE grafts are particularly poor in crural reconstructions. We report on a novel
surgical technique, whereby both run-off and anastomotic mismatches are concomitantly addressed.
Patients and methods: short segments of vein grafts (5–15 cm in length) were used to bridge two crural artery segments.
Subsequently, a femoro-distal ePTFE graft was anastomosed to the bridge graft. Venous valves were made incompetent
to allow bi-directional flow. In a retrospective series of 45 patients with crural bridge grafts, 12 patients were in stage
III and 33 in stage IV. In 18 patients the reconstruction was the first procedure and in the remaining 28 patients it was
the first or second re-operation.
Results: the primary patency rate at 1, 2, 3 and 4 years was 53, 44, 35 and 26% respectively. The secondary patency
rate was 67, 53, 49 and 39% respectively. The corresponding limb salvage rate was 70, 61, 56 and 45%. In a small
subgroup of patients, in which the crural bridge was the first reconstructive procedure, the primary patency was 76 at 1
year and 64 at 4 years.
Conclusion: convincing long-term crural bridge grafts should be considered in those patients who have more than one
crural or pedal artery available for grafting and an insufficient length of saphenous vein.
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Introduction Patients and Methods
In contrast to autologous vein grafts, the long-term Between 1994 and 2000 a total number of 603 crural
results of ePTFE (expanded polytetra fluoro- reconstructions has been performed, of which 45 (7%)
polythylene) prostheses are disappointing in crural patients underwent bridge-graft femoro-crural re-
reconstructions. It is generally accepted that surface constructions. Indication for using PTFE was the lack
thrombogenicity and a mismatch of anastomotic com- of an adequate vein with sufficient length. PTFE was
pliance both contribute to the poorer performance used because it is regarded to be the most suitable
of prosthetic graft material. In femoro-crural bypass synthetic material for vascular prostheses. The length
grafts, however, additional factors such as distinct of the vein bridge varied between 5 and 15 cm. In
diameter mismatches as well as particularly low flow order to allow blood flow in both directions, venous
conditions aggravate thrombogenicity. By reducing the valves were made incompetent. Within the possible
impact of anastomotic size and compliance mismatch permutations of crural vessels bridged by the vein
through sleeves such as the Linton and Taylor patch, segment, certain constellations occur more frequently
the St. Mary’s boot and the similar Millar collar, results than others (Table 1). For haemodynamic reasons, the
of ePTFE grafts could be markedly improved. At our insertion of the ePTFE graft into the vein bridge is
institution we went one step further and developed a supposed to be close to the proximal end of the vein.
surgical technique which addresses both anastomotic An intra-operative angiography at completion of the
mismatch and poor run-off. The current report sum- bypass procedure should be mandatory and elec-
marises the results of our initial 45 patients. tromagnetic flow measurements are helpful, especially
in doubtful circumstances. When no suitable segment
of the greater saphenous vein for the bridges was∗ Please address all correspondence to: M. Deutsch,1st Department
of Surgery, Lainz Hospital, Wolkersbergenstrasse 1, A-1130 Vienna. available, sufficient autologous vein could be obtained
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Table 1. Variations of the bridge concept.
Posterior tibial artery Anterior tibial artery 14aaaaaaaaab
Posterior tibial artery Dorsal pedal artery 11aaaaaaaaab
Posterior tib. artery (retromall.) Dorsal pedal artery 3aaaaab
Peroneal artery Posterior tibial artery 10aaaaaaaaaaaab
Peroneal artery Dorsal pedal artery 4aaaaaaaaaaaab
Tibiofibular trunk Peroneal artery 3aaaaaaaaaaab
from the lesser saphenous vein. Exclusion criteria were one or more redo operations, no statistical significance
on the 5% level was revealed, which could be expecteda preceding vascular or endovascular procedure at the
aorto-iliac level, the bridge originating from an isolated due to an uneven distribution of patient numbers
(secondary patency p=0.28; limb salvage p=0.41).popliteal segment and procedures exceeding second
re-operations on the crural side. Only patients with However, the log rank test for primary patency was
p=0.063 and, therefore, close to the 5% significancetwo open crural vessels were included in this study.
All patients were operated for critical limb ischemia level. Six patients experienced an early occlusion (13%)
of which four needed an acute amputation. A forefootor necrosis. Twelve patients were in clinical stage III
and 33 in stage IV. Twenty-four patients were male amputation was necessary in eight patients (18%).
Surgical complications were post-operative bleedingand 21 female. The mean age of patients was 71.2±9.2
years. Concomitant risk factors were CAD (coronary in one patient, wound healing disorders in six patients
and a CVA in one patient. The 30-day mortality wasartery disease) in 33%, CVI (cerebro vascular in-
sufficiency) in 13%, diabetes in 55%, hypertension in 4.5%.
60%, smoking in 18% and hyperlipidaemia in 26%.
Anticoagulation was achieved intra-operatively by
the administration of 10 000 U of standard heparin
and post-operatively through INR-controlled
Discussion(prothrombin time international normalised ratio)
coumadin therapy. Prior to discharge all patients Crural reconstructions with prosthetic grafts are stillunderwent a control angiography. Follow-up in- disappointing with regard to long-term patency andvestigations consisted of Doppler sonography and limb salvage.7–13 The surface of synthetic vascular pros-duplex screening after 3, 6, 12 months and twice a theses is increasing the thrombotic potential, and theyear thereafter. The Kaplan–Meier analysis was used run-off is mostly poor and the resulting low-flowto determine actuarial graft patency. conditions enhance graft occlusion. This is further
aggravated by the size and compliance mismatch be-
tween the synthetic graft and the small crural arteries.
Last, but not least, the often minuscule crural arteriesResults
sometimes pose a technical limitation.
To overcome the compliance and size mismatchAngiographic examples of patent bridge grafts are
shown in Figures 1 and 2. Median follow-up was 19 between the synthetic graft and the crural arteries,
several concepts for a sleeved distal ePTFE ana-months. Patient data were only relevant for this study
if complete follow up was obtained. Kaplan–Meier stomosis have been propagated as Linton and Taylor
patch, St. Mary’s boot and Miller collar. These tech-analyses show primary patency rates of 53%, 44%,
35% and 26% at 1, 2, 3 and 4 years, respectively. The niques were accepted as helpful tools and showed
some promising results (Table 3). In order to minimisesecondary patency rates were 67%, 53%, 49% and
39% at the same time intervals (Fig. 3) while the the pro-thrombotic effect of low blood flow, surgeons
investigated the possibility of increasing flow throughcorresponding limb salvage rate was 70%, 61%, 56%
and 45% . Within the observation period, 23 occlusions the creation of AV fistulas for years. Apart from adding
surgical complexity, such fistulas may even jeopardiseof the PTFE inflow occured. In nine cases of these
occlusions both run-off vessels remained patent. In the perfusion of the grafted artery. According to the
law of Poiseuille the blood flow to the target tissuea subgroup of 18 patients, where the bridge graft
reconstruction represented the 1st crural procedure, “at risk” is necessarily diminished. As opposed to the
lowering of the arterial perfusion pressure as the resultthe primary patency was 76% at 1 year and 64% at 4
years (Fig. 4). When patency rates of these patients of an “escape” into the venous low-pressure system,
an increased blood flow through the prosthetic graftwere compared with the remaining patients who had
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Fig. 1. A: Bridge between the distal posterior tibial and the distal tib anterior artery with open PTFE inflow. B: Inflow occlusion; the
bridge and the depending vasculature remains open.
Fig. 2. A: Short proximal bridge between posterior and peroneal artery. B: Long bridge from the tractus to the distal posterior tib artery.
C: Bridge from the posterior tibial to the anterior tibial artery. D: Bridge from the posterior tibial (retromalleolar) artery to the dorsal
pedal artery.
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experience with sequential crural vein grafts,14 we
made some interesting observations. We noticed re-
peatedly that graft occlusion was only partial. If the
distal graft segment between the two crural ana-
stomoses occluded, the sequential graft turned into a
simple crural reconstruction. If the segment proximal
to the first crural anastomosis occluded, the intercrural
vein often remained patent due to collateral flow.
Similarly, a bridge graft reconstruction allows col-
lateral flow from one crural segment to the other if
the ePTFE inflow graft occludes. By extending the
anastomosis between the bridge graft and the first
crural artery to a length of 30 mm, it effectively creates
a patch for the ePTFE insertion that is comparable to
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a Linton patch, Taylor-patch, St. Mary’s boot or Miller
Fig. 3. Secondary patency according to the Kaplan–Meier Sur- collar. The distinct difference to these well-established
vivorship Analysis. and helpful techniques lies in the integration of a
second crural arterial segment into the bypass re-
construction. This helps to markedly improve the peri-
pheral perfusion and reduce tissue loss. A technical
advantage lies in the fact that the distal anastomosis
of the relatively stiff and over-sized ePTFE graft is
done to the proximal vein segment rather than the
smaller and more friable crural artery. Furthermore
and by analogy with sequential grafts, the venous
bridge tends to stay patent if the central inflow conduit
occludes.
The beneficial effect of the so-called “doubling” of
flow in the ePTFE graft is reflected in the impressive
clinical performance of bridge grafts. Our 4 year sec-
ondary patency rate of 39% and limb salvage rate of
45% differ favourably from results reported by other
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groups.15–20 This is even more the case in our subgroup
Fig. 4. Eighteen patients, who received the bridge graft as first crural
of crural first interventions in which we obtained aoperation demonstrated at 1 year 76% and at 4 years 64% primary
patency. primary patency rate of 64% at 4 years. The reason
for the high mortality rate of our patients may have
Table 2. Cumulative primary patency rates for PTFE grafts to several reasons. We operated mainly very old patients
crural arteries for limb salvage without vein interposition. and in 60% of patients redo surgery was being per-
formed. Moreover, they all suffered from end stageyears – % primary patency
occlusive peripheral vascular disease. This group of
Author Year n 1 2 3 4 5
patients frequently has severe myocardial, pulmonary,
Hobson et al. 1985 41 21 12 12 12 — renal or cerebral comorbidity.
Veith et al. 1986 98 46 34 30 12 — The main disadvantage of this technique is the fact
Rafferty et al. 1987 76 31 21 19 17 14
that it is only applicable in those patients who haveFlinn et al. 1988 75 58 45 37 37 —
Londrey et al. 1991 33 38 26 7 7 0 more than one crural or pedal artery available for
Johnson et al. 1991 37 37 26 21 7 0 grafting. The operation time is not substantially longer,Schweiger et al. 1993 211 37 — — — 23
because in conventional crural reconstructions with
PTFE in most cases a complementary Linton Patch or
a collar supported anastomosis is performed.would be ideally achieved through an increased ar-
We conclude that crural bridge-graft reconstructionterial run-off. As a consequence of our observations
offers an effective new tool for the challenging fieldin sequential crural bypass grafts we arrived at the
of distal reconstructions. Apart from their promisingconclusion that a venous bridge graft could achieve
such an increased arterial run-off. During years of clinical performance, they may help vascular surgery
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Table 3. Cumulative primary patency rates for PTFE grafts to crural arteries for limb salvage with vein interposition.
years – % primary patency
Author Technique Year n 1 2 3 4 5
Hamsho et al. AV-fistula+cuff 1999 48 55 — — — —
vein cuff 41 53 — — — —
Ascher et al. AV-fistula+cuff 2000 56 66 63 53 — —
Kreienberg et al. AV-fistula 2000 48 — — 48 — —
vein cuff 59 — — 38 — —
Stonebridge et al. vein cuff 2000 89 50 32 — — —
Harris et al. AV-fistula 1993 76 — 28 — — —
AV-fistula+cuff — 62 — — —
Morris et al. vein cuff 1993 175 — — 29 — —
Own data vein bridge 2000 45 53 44 35 26 —
1st procedure 18 76 64 64 64 —
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